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(54) Tide: THREE-DIMENSIONAL POLYMER MATRICES 



(57) Abstract 



Matrices that include a macrostructure having a semi-solid networic and voids, and a micrcstnicture having voids, in which the 
microstructure is located within the semi-solid networic are disclosed. Mediods for preparing these matrices are also disclosed. 
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poly(ether esters). 

The particles can be particles of natural waxes, synthetic waxes and 
wax-like polymers. The waxes and wax-like polymers can be selected from the 
group consisting of paraffin, beeswax, and low density polyethylene. In other 
5 embodiments, the particles are polymer particles. Preferably the size of the 
particles is between about 50 and 500 ^im. 

In other preferred embodiments, the polymer/particle mixture includes a 
component selected from the group consisting of industrial catalysts, diagnostic 
agents, therapeutic agents. The therapeutic agent can be selected from the 
1 0 group consisting of cells, osteoinductive materials, and osteoconductive 
materials. 

The matrix can be formed into the shape of a holl ow tube ^ormed into a 
solid object selected from the group consisting of rods, pins, screws, plates and 
anatomical shapes; formed into a solid object selected from the group 
1 5 consisting of porous electrodes, porous fibers, and porous solid support 

materials; or formed into particles suitable for pulmonary delivery or injection. 

In a twenty-fourth aspect, the invention features a polymer matrix with a 
porosity between about 10 and 95% which is substantially uniform throughout 
the matrix, prepared by (a) dissolving a water-soluble polymer in a solution; (b) 
20 adding particles with a size of less than 5000 urn to the polymer solution that 
are insoluble or sparingly soluble in the polymer solvent at the temperature of 
the polymer solution when the particles are added; (c) mixing the solid particles 
and the solution to fonn a polymer/particle mixture; and (d) extracting the 
particles from the polymer/particle mixture with a solvent that is a solvent for 
25 the particles and a non-solvent for the polymer. 

"Porous polymer matrix" means any solid object made of a polymer, 
which forms a continuous or discontinuous porous network. Porous polymer 
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matrices include porous membranes, porous foams, and porous beads. 

"Macrostructure," as used herein when referring to a matrix, means the 
semi-solid network of the matrix and the continuous voids defined by the 
network. 

"Microstmcture," as used herein when referring to a matrix, means the 
system of voids that are contained within the semi-solid network of the matrix. 
"Semi-solid," as used herein when referring to a structure, means that 

the structure can have voids. 

"Voids" mean portions of a matrix that do not contain the material that 
makes up the semi-solid network of the matrix; the voids are filled with any 
substance that is different from the substance that makes up the majority of the 

semi-solid network. 

The "diameter of a void" means the diameter of the largest sphere that 

would fit through the opening defined by the void, 

"Connectivity number" means the number of cuts that must be made in 
order to ensure that an object is separated into at least two completely separate 
pieces. 

A "cut" means a cut that passes through a meridional circle of the semi- 
solid network and does not pass through a void of the matrix. 

A "cross-section" means a section that can be drawn through a portion 
of the semi-solid network of the matrix by drawing a meridional curve on the 
exterior surface of the portion. 

A "minimum diameter of a cross section" means the shortest straight 
line that can be drawn that joins two edges of the cross-section and passes 
through the center of the cross-section. 

A "maximum diameter of a cross section" means the longest straight 
line that can be drawoi that joins two edges of the cross-section. 
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A "diameter of a cross-section" is the mean of the minimum and 

maximum diameters. 

"Average diameter of the cross sections of the semi-solid network," 
means the mean of the diameters of the cross sections of the semi-soUd 
network. 

"Continuous," as used herein when referring to the semi-solid network, 
means that the relevant portions of the semi-solid network are joined as one 
piece. That is, a line can be drawn from one point on the surface to another 
point without leaving the surface of the semi-soUd network and without 
crossing a void. Similarly, continuous, as used herein when referring to voids, 
means that a line can be drawn connecting a point in the void space with 
another point in the void space, without leaving the void space and without 
crossing the serai-solid network. 

"Fractal," as used herein, means an irregular curve or shape that repeats 
itself over a continuous surface at different scales. 

An "exterior face of the matrix" means the face that is adjacent to the 

mold during formation of the matrix. 

"Porogen," as used herein, means a non-gaseous material that is soluble 
in at least one solvent and sparingly soluble in at least one solvent, that is 
combined with a material to form a mixture, then removed from the mixture to 

leave voids. 

"Sparingly soluble" describes a material that, under the conditions of 
processing, has a solubility of less than 30% by weight in the given solvent, and 
preferably has a solubility of less than 20% by weight, less than 10% by 
weight, or less than 2% by weight. 

"Non-solvent," as used herein, describes a solvent in which a given 
material is insoluble or sparingly soluble. 
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"Hydrophilic" describes a material that has a solubility of at least 0.5% 

by weight in water. 

"Microspheres" describe objects having an average diameter of about 2 
ixm to about 100 ptm. They are composed of synthetic polymers, biological 
polymers, or blends or combinations thereof 

"Bioactive agent" describes a substance that has a physiological or 
biological effect on a cell, tissue, organ, or other living structure. 

"Biodegradable" means capable of being broken down into innocuous 
products when placed within a living system, such as a cell culture system, or a 
living organism, such as a human or animal, or when exposed to bodily fluids. 

"Bioerodible" means capable of being dissolved or suspended in 
biological fluids. 

"Bioresorbable" means capable of being absorbed by the cells, tissue, or 

fluid in a living body. 

"Bioerodes at substantially the same rate that cells populate" means that 
an object, such as a matrix, bioerodes — that is, is dissolved or suspended in 
biological fluids — at the same rate that cells grow and produce extracellular 
matrix (ECM), so that the total volume of the matrix material, the cells, and the 
ECM within the matrix remains substantially constant. 

"Substantially constant," when referring to the total volume of the 
matrix material, the cells, and the extracellular matrix within the matrix, means 
a change in the total volume of less than 25%, and preferably less than 1 5%, or 
5%. 

"Impermeable," as used herein, means that cells can migrate into the 

material to a depth of less than 200 txm. 

"Three-dimensional," as used herein, means that the smallest dimension 
of an object (e.g., length, width, or depth) is at least 100 /im. 
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'*Non-friable" means that when cut, the portions separate into masses 
with a total loss of materials to flaking or powdering being less than 5% of the 
total mass of the material. 

The matrices of the invention offer several advantages over existing 
matrices. The porous nature of the matrices and the high surface areas provide 

environment that is permissive to cell ingrowth. In addition, the highly 
interconnected structure of the matrices provides them with mechanical 



an 



strength. 

The methods of the invention provide convenient, cost-effective ways to 
10 prepare porous polymer matrices. In addition, the methods of the invention 
provide novel ways to alter physical properties of the matrices. 

^n^f p« ^Rr.ription of the Drawings 

Fig. I A is a schematic representation of a mold used to make matrices of 
the invention; Fig. IB is a schematic representation of the three permanently 
1 5 connected sides of the mold; Fig. 1 C is a schematic representation of four sides 
of the mold, with one side being connected by means of screws; Fig. ID is a 
schematic representation of the top of the mold and the sides of the mold; and 
Fig. IE is a schematic representation of the top of the mold. 
Fig. 2 is a photograph of a matrix of the invention. 
20 Fig. 3 A is a schematic representation of a curve; Fig. 3B is a schematic 

representation of a surface. 

Fig. 4A is a schematic representation of the matrix of the invention 
showing a meridional curve; and Fig. 4B is a schematic representation of a 
cross section of the matrix, showing the minimum and maximum diameters. 
25 Figs. 5 A and 5B are photographs of the matrix of the invention. 

Fig. 6A is a schematic representation of a curve with a fractal dimension 
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Claim? 

1 . A matrix comprising a macrostructure having a semi-solid network 
and voids, said matrix further comprising a microstructure having voids, 
wherein said microstmcture is located within said semi-solid network. 

2. The matrix of claim 1, wherein said semi-solid network comprises a 
polymer. 

3. The matrix of claim 1, wherein said matrix comprises a copolymer 
having a carboxylic acid group or a copolymer having an amine group. 

4. The matrix of claim 1 , wherein said matrix comprises a conductive 
polymer selected from the group consisting of polypyrrole, polyaniline, 
polyacetylene, and polythiophene. 

5. The matrix of claim 1, wherein said semi-solid network consists 
essentially of a polymer or mixture of polymers. 

6. The matrix of claim 1 , wherein the surface area of said matrix is at 
least 1 mVg. 

7. The matrix of claim 1, wherein the surface area of said matrix is at 
least 5 m^/g. 

8. The matrix of claim 1, wherein the surface area of said matrix is at 
least 10 mVg. 
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